Total anomalous pulmonary venous return (TAPVR) is an uncommon cause of cyanotic congenital heart disease in the neonatal period. This diagnosis is often made by echocardiography. We present two cases where echocardiography was not confirmatory. Computerized tomography (CT) scan of the chest and abdomen with contrast was performed instead of cardiac catheterization to establish the diagnosis. We suggest that CT with contrast is a noninvasive modality to obtain anatomic details of pulmonary venous drainage in TAPVR when echocardiography is inconclusive.
Introduction
Total anomalous pulmonary venous return (TAPVR) is an uncommon condition accounting for 1 to 2% of major congenital heart disease (CHD).
1 In this condition, saturated blood returning from the lungs follows an abnormal path and returns to the systemic venous circulation instead of the left atrium. The point of return to the systemic veins could be supracardiac (superior vena cava or one of its draining veins) or cardiac (coronary sinus or directly into the right atrium) or infracardiac (inferior vena cava or portal system and often associated with obstruction).
1 This condition is usually diagnosed by echocardiography. However, mapping pulmonary veins in the presence of anomalous drainage may be difficult by echocardiography requiring cardiac catheterization. Cardiac catheterization is an invasive procedure and may be associated with morbidity. Computerized tomography (CT) and magnetic resonance imaging are being used more recently in diagnosing and evaluating CHD. [2] [3] [4] [5] In neonates with suspected CHD, CT may be used instead of catheterization to obtain detailed anatomic evaluation of the heart and great vessels if echocardiography is not conclusive. We report two cases where the diagnosis of TAPVR was not confirmed by echocardiography. CT angiography established the diagnosis and provided anatomic details of the venous drainage.
Case 1 A 37-week gestation male infant presented with a history of multiple episodes of apnea, intermittent hypoxemia and respiratory distress 1 h after a spontaneous vaginal delivery. He was transferred from a level I nursery for evaluation. Physical examination was normal. Arterial blood gas in room air had a PaO 2 of 44 mm Hg. Chest X-ray showed some streakiness suggestive of retained lung fluid and a fractured clavicle. CT scan of the head was performed to rule out an intracranial cause for apnea and was normal. Echocardiogram on the day of admission showed mild enlargement of the right ventricle and a right-to-left shunt at the atrial level. The infant continued to require oxygen by nasal cannula with a clinical diagnosis of mild persistent pulmonary hypertension of the newborn. An abdominal ultrasound was performed on day 5 of life for evaluation of oliguria. The kidneys were normal and a large left adrenal hemorrhage was noted. Sonographic examination of the liver showed an enlarged portal vein connected posteriorly to an anomalous vein (Figure 1) . A repeat echocardiogram showed a small left atrium and moderate enlargement of the right ventricle. Pulmonary veins were not clearly visualized. Hyperoxia test raised the arterial PaO 2 to 102 mm Hg. A CT scan of the chest and abdomen was performed with intravenous contrast. The pulmonary veins were noted to form a large anomalous descending vein coursing through the diaphragm and draining into the portal vein (Figure 2 ). The baby underwent surgical repair on day 14 of life and was discharged home a week later. CT angio in TAPVR S Lakshminrusimha et al started and a complete blood count, blood culture and an arterial blood gas were obtained. The white blood cell count was normal without a left shift. There was no respiratory or metabolic acidosis, but PaO 2 was 44 mm Hg. An echocardiogram showed a dilated main pulmonary artery, right-to-left shunt at the atrial level, and normal pulmonary veins and with a presumptive diagnosis of persistent pulmonary hypertension of the newborn. Mechanical ventilation and inhaled nitric oxide did not improve oxygenation. A repeat echocardiogram at 48 h of life showed similar findings. A CT of the chest with intravenous contrast revealed a common collector vein from all the four pulmonary veins draining into an enlarged coronary sinus (Figure 3 ). Surgical correction was performed at 5 days of life and baby was discharged home 8 days later.
Discussion
Although TAPVR is a rare lesion in its isolated form, occurring approximately one in 17 000 live births (4/2370 fetuses with CHD), it is one of the surgical emergencies in neonatal cardiology where maintaining ductal patency by prostaglandins is usually not effective. 6 Rapid diagnosis and surgical correction by anastomosis of the pulmonary venous trunk to the left atrium is crucial in reducing morbidity and mortality from this lesion. Although fetal diagnosis is accurate in 85 to 90% of pregnancies with CHD, 7, 8 abnormalities of the aortic arch (such as coarctation) and pulmonary veins (isolated TAPVR without complex CHD) are more likely to be missed. In the absence of obstruction, as in supradiaphragmatic connections (case 2), patients may not present urgently during the neonatal hospitalization. 6 Even in patients with infradiaphragmatic drainage, signs of obstruction may not be evident when the ductus venosus is patent (case 1). In the neonate, TAPVR is occasionally misdiagnosed as persistent pulmonary hypertension of the newborn as in our patientsFthe clinical picture is similar and even the echocardiographic findings overlap. 6, 9 Enlarged right atrium, right ventricle, and main pulmonary artery with a small left atrium and a significant right-to-left shunt at the atrial level with minimal or absent tricuspid regurgitation should arouse suspicion for TAPVR. The key to the diagnosis is the lack of pulmonary venous blood flow to the left atrium. This is important as inhaled nitric oxide, an established therapy for persistent pulmonary hypertension of the newborn, may aggravate pulmonary congestion in patients with pulmonary venous obstruction. We present these two patients to illustrate the difficulty in echocardiographic diagnosis and the usefulness of CT angiography in mapping the pulmonary veins. Earlier reports of diagnosis of TAPVR by helical CT 3 and by magnetic resonance angiography 5, 10 are found in the literature. Anatomic details such as site of drainage and pulmonary venous diameters can be obtained without invasive cardiac catheterization. In conclusion, CT angiography is a noninvasive and efficient diagnostic modality in neonates with TAPVR and can be considered as an alternative to cardiac catheterization if echocardiography is inconclusive. 
